This prospective study aimed to assess the association between prior functional status and hospital mortality for patients admitted to four intensive care units in Spain between 2006 and 2012. Prior functional status was classified into three groups, using a modification of the Glasgow Outcome Scale (GOS), including group 1 with no limitations on activities of daily living; group 2 with some limitations but self-sufficient; and group 3 who were dependent on others for their activities of daily living. Of the 1,757 patients considered (mean Simplified Acute Physiology Score [SAPS] predicted mortality 14.8% and hospital mortality 13.7%), group 1 had the lowest observed hospital mortality (8.3%) compared to the SAPS 3 predicted mortality (11.6%). The observed mortality for group 2 (20.6%) and group 3 (27.4%) were both higher than predicted (19.2% and 21.2% respectively; odds ratio [OR] 1.97, 95% confidence interval [CI] 1.38-2.82 for group 2 and OR 2.90, 95% CI 1.78-4.72 for group 3 compared to group 1). Combining prior functional status and Sequential Organ Failure Assessment (SOFA) score with SAPS 3 further improved the ability of the SAPS 3 scores in predicting hospital mortality (area under the receiver operating characteristic curve 0.85 [95% CI 0.82-0.88] versus 0.84 [95% CI 0.81-0.87] respectively). In summary, patients with limited functional status prior to ICU admission had a higher risk of observed hospital mortality than predicted. Assessing prior functional status using a relatively simple questionnaire, such as a modified GOS, has the potential to improve the accuracy of existing prognostic models.
Introduction
Severity of acute illness prognostic scores such as Acute Physiology and Chronic Health Evaluation (APACHE), Simplified Acute Physiology Scores (SAPS) and Mortality Prediction Model (MPM) are widely used for research and clinical audit purposes. Many versions of each of these systems exist; the most recent versions include MPM III 1 , SAPS 3 2 and APACHE IV 3 . Although the newer versions of these prognostic scores have improved compared to the older ones and they had all been validated in different populations, their general applicability to intensive care units (ICUs) with different case-mix remains uncertain 4, 5 . Most, if not all, ICU prognostic scores include demographic factors such as age and comorbidities, in addition to physiological variables. In a previous study, we evaluated the role of quality of life of patients prior to ICU admission using a scale of 15 items (Quality of life questionnaire developed by the "Project for the Epidemiological Analysis of Critical Care Patients" [PAECC] and also known as Quality of Life-Spanish [QOL-SP] questionnaire) 6 in predicting outcomes of critically ill patients. We observed that even though quality of life information complements those contained in the APACHE III model, their combination did not significantly improve the ability of the APACHE III to discriminate between survivors and non-survivors, and hence extra effort to collect quality of life data for the critically ill may not be justified.
It is well described that ICU patients with limited functional status are associated with a higher risk of mortality [7] [8] [9] [10] [11] , suggesting that incorporating an assessment of prior functional status to existing ICU scoring systems may improve their performance. Frailty is a concept characterised by a loss of physiological reserve and, consequently, an inability to maintain homeostasis and achieve recovery after a disease or injury. Recent studies have proposed and analysed the importance of frailty in determining outcomes of the critically ill. Frailty is, however, not a dichotomised concept and assessing frailty requires the use of some specific frailty scales [12] [13] . An alternative to assess frailty is to assess functional status of patients, but how we should evaluate prior functional status of critically ill patients remains uncertain [14] [15] . The Glasgow Outcome Scale (GOS) 16 has been used in numerous studies to assess functional outcomes of patients after different forms of brain injury [17] [18] [19] . GOS has five categories, and while the two worst outcomes (vegetative state and death) would not be applicable to most critically ill patients prior to ICU admission, the other three classes of functional status may still be useful. We hypothesised that after excluding the two worst outcome GOS categories, we could use the modified GOS as a simple tool to assess the functional status of ICU patents prior to their ICU admission to predict their subsequent hospital mortality outcome.
Materials and methods
After obtaining approval from the Investigation Ethics Committee of each hospital involved (reference number 2370), this prospective multicentre study was conducted in four Spanish ICUs (Carlos Haya in Málaga, Virgen de las Nieves in Granada, Infanta Margarita in Cabra [Córdoba] and the Neurotraumatology Hospital in Jaén). We studied patients consecutively admitted to each study centre over different study periods In this study, all ICU readmissions were excluded and patients were grouped according to the modified GOS; group 1 were those who were normal and had no limitation on activities of daily living, group 2 were those with limitations but who were able to live independently, and group 3 were those who had severe limitations in their activities of daily living and were unable to live independently. This simple modification of the GOS has also been used previously to evaluate the prior functional status of critically ill patients 20 . We have published the protocol of the current study recently 21 . In brief, the variables analysed included demographic factors, comorbidities, length of stay, hospital and ICU mortality, as well as various physiological and biochemical variables collected during the first hour before and during the first 24 hours after ICU admission. Data needed to calculate the SAPS 3 2 and APACHE III 4 scores were also collected. The SAPS 3 score was calculated for all patients but the APACHE III score was only calculated for those who stayed in the ICU for more than six hours 4 . The data used in this study was collected by trained specialists and residents in each study centre.
Statistical analysis
Continuous data were expressed in mean ± standard deviation, and categorical data were presented in frequency and percentage. Student's t-test was used to compare means between two groups, analysis of variance (ANOVA) was used to compare means between three groups, and the Newman-Keuls method was used for multiple comparisons. Chi-square was used to assess associations between categorical variables. Multivariate analysis was performed using logistical regression, and dummy variables were created for categorical variables that had more than two categories. All variables with a P-value <0.05 in univariate analyses were analysed in the backward stepwise multivariate analysis. The Hosmer-Lemeshow test was used to verify the goodness-of-fit of the multivariate model. The area under the receiver operating characteristic (ROC) curve was used to evaluate the discrimination of the model and prognostic scores. Because the SAPS 3 but not the APACHE III was collected for logistic reasons in one particular study centre (Virgen de las Nieves Hospital), a sensitivity analysis was conducted to include only patients with the APACHE III scores available. A P-value <0.05 was considered statistically significant in this study, and all analyses were conducted by the statistical programs PSPP and R. The GNU PSPP Statistical Analysis Software (http://www.gnu.org/software/ pspp/get.html) is a free software application for analysis similar to the commercial SPSS software.
Results
Of the 1,757 patients (mean age of 61.3 ± 15.3 years; the mean SAPS 3 was 44.1 ± 13.1 points) included in the study, 13 .7% died during the same hospital stay. The mean SAPS 3 predicted mortality of the whole cohort was 14.8%. The characteristics of the cohort and the differences between those who survived and those who did not survive are described in Table 1 .
The differences in characteristics of the patients grouped according to their prior functional status are described in Table 2 . Of those with a normal functional status prior to ICU admission (60.7%), the hospital mortality was 8.3%, and this was lower than predicted by the SAPS 3 scores (11.6%). Conversely, for those with some limitations in their activities of daily living but still able to live independently (30.4%), the observed mortality (20.6%) was higher than predicted by the SAPS 3 score (19.2%). Similarly, for those with severe functional limitation who could not live independently (8.9%, n=157), the observed mortality (27.4%) was much higher than predicted by the SAPS 3 score (21.2%) (Figure 1) .
A further datum we collected in this study was whether the functional status of the patient could be classified as vegetative state. Only ten patients were in a vegetative state prior to ICU admission and one of them died in hospital.
Functional status, APACHE-III and hospital mortality
In one of the four hospitals included in the study the necessary information was not collected for calculating the APACHE III (458 patients). In the rest of the study cohort, this information was collected for patients admitted to ICU for more than six hours. A total of 1,093 patients were analysed with a mean age of 61 ± 15.3 years and the mean APACHE III score was 43.4 ± 26.3. The mean predicted risk of mortality by the APACHE III was 15.5% and observed hospital mortality was 12%. The differences in characteristics between survivors and non-survivors and between patients with different prior functional status but also with the APACHE III data available are summarised in Tables 3 and 4 , respectively. In patients with normal functional status (n=812, 74.3%), hospital mortality (8.6%) was again much lower than predicted by the APACHE III scores (13.7%). Conversely, the observed hospital mortality for those (i) with functional limitation but who were selfsufficient (n=231, 21.1%) and (ii) with severe functional limitation and dependent on others for their activities of daily living (n=50, 4.6%) were both higher than was predicted by the APACHE III rate (19.9% and 30% versus 18.8% and 25.2%, respectively) ( Figure 2 on next page) .
Multivariate analysis
In the multivariate analysis by including all patients in the cohort (Table 5) , hospital mortality was related to the SAPS 3, SOFA and functional status of the patients as assessed by the modified GOS. The probability of death was 1.97-fold greater in patients who were disabled but self-sufficient than those with normal functional status, and the probability of death was 2.90-fold greater in patients who were severely disabled and not self-sufficient than those without functional limitations, after adjusting for severity of organ failure and severity of acute illness. The discrimination of this multivariate model including functional status, evaluated by the area under the ROC curve, also appeared to be better than using SAPS 3 alone Similarly, when the analysis was restricted to those with the APACHE III data available (n=1093 patients), functional status remained significantly associated with hospital mortality after adjusting for the SAPS 3, SOFA and APACHE III scores data (Table 6, Figure 3 ). The area under the ROC area of this model was 0.93 (95% CI 0.90-0.96) compared to 0.91 (95% CI 0.88-0.93) for using APACHE III alone. Both intermittent positive pressure ventilation (IPPV) and inotropic medication were eliminated during the modelling process and were not included in the final two multivariate models (Tables 5 and 6 ). 
Discussion
Our study showed that patients with functional limitation prior to ICU admission had a higher risk of hospital mortality. Evaluating prior functional status using a simple questionnaire, such as the modified Glasgow Outcome Scale, appeared useful and might complement the existing ICU prognostic scores.
We previously found that quality of life prior to ICU admission was related to mortality and complemented APACHE III but a combination of both did not further improve the discrimination between survivors and nonsurvivors significantly 6 . Quality of life is a broad concept and involves a more complex evaluation of many aspects and needs of a patient than functional status assessment using modified GOS. The GOS is widely used for patients with neurotrauma 22 , but it has also been used for other types of patients with promising concordant results 18, 23 . Although its use is usually limited to functional alterations after an event, Zaren et al 20 used the scale in a similar manner to ours to evaluate the functional status of a wide group of ICU patients. Although different indexes of functional status and frailty have been reported to be important in predicting outcomes of critically ill or hospitalised patients [7] [8] [9] [10] [11] 24 , it is by no means that all studies could confirm these promising results 15, 25, 26 . Our result showed that an assessment of prior functional status by a modified GOS may represent a simple, and yet effective, way to improve the existing ICU prognostic scores. As the modified GOS is relatively easy to use, further prospective large-scale validation of our results is both feasible and warranted.
Comorbidity is well established to be an important prognostic factor for critically ill patients. Most ICU prognostic scores, including those assessed in the current study (SAPS 3 and APACHE III) also have a component on patients' comorbidities. There is also evidence to suggest that more detailed comorbidity assessment, such as the Charlson Comorbidity Index, may improve our ability to predict both in-hospital and post-hospital mortality outcomes 27, 28 . Nevertheless, collecting detailed comorbidity data is onerous, and further research is needed to assess whether a simple assessment of the functional status is better than detailed comorbidity assessment 29 . The reasons why prior functional status was associated with hospital mortality are not apparent in this study. The greater mortality of the patients with functional limitation might be due to a greater physical fragility as well as a clinical decision to limit the therapeutic effort in these patients. A previous study has showed that limiting therapy was common in patients with advanced age who also tend to have a limited functional status 30 . Although we did not measure the intensity of therapeutic activity with a score in this study, we did collect information on some aspects of ICU therapy including use of IPPV and inotropic In conclusion, our study showed that prior functional status of critically ill patients, assessed by a simple modification of the GOS, was associated with hospital mortality. If our results are confirmed by other large size prospective studies, a simple assessment of the prior functional status of critically ill patients may be considered a useful complement to the existing ICU prognostic scores. medications. Although these two interventions were associated with mortality in the univariate analyses, they both were eliminated from the multivariate models after taking functional status into consideration (Tables 5 and 6 ). This suggests that the higher mortality associated with the patients with limited functional status reported in this study was unlikely to be due to a limitation in life-support therapy. This study has some limitations. First, our results cannot be generalised to non-ICU patients and ICUs with very different case-mix. Second, we did not have outcome data after hospital discharge 31, 32 . Third, our sample size was relatively small and this limited the number of predictors we could assess in this study. 
Conclusions

